With the increase of of marine resource and underwater users, developing a high-bit-rate underwater acoustic communication has become a hot topic. APSK (Amplitude and Phase-shift Keying) is a modulation technique having high efficiency in spectrum utilization, it attracts more and more attention in high-bit-rate underwater acoustic communication. Differential APSK (DAPSK) is modulated using differential amplitude and phase code in time domain, and it has higher bandwidth efficiency and be easier to realize the system than APSK. A transmission system based on DAPSK modulation and OFDM is presented to solve the problems of effectiveness and reliability in high-bit-rate underwater acoustic communication. Simulation results show that the system using DAPSK modulation has a better performance than those using APSK and QAM modulation.
Introduction
Underwater acoustic communication is the main approach of realizing underwater integrated information perception and interaction, it has broad application prospect in military and civilian areas.
In recent years, underwater acoustic communication technology has a rapid development, all kinds of modulation technologies, for example, space diversity technology (Li,2003) , time reversal mirror technology (Yin,2009 ) and vector communication technology (Yin,2011) , etc are used in underwater acoustic communication. Compared with the radio channel, underwater acoustic channel has the feature of high noise, low carrier frequency, strong multipath interference, limited bandwidth and many other restrictive factors (Yin,2011 and Guo,2007) , which increase the difficulty of high-bit-rate underwater acoustic communication technology. Due to the limit of the underwater acoustic channel (Hui,2007) , to improve the bit rate by broadening the bandwidth is not feasible. So choosing a modulation technology with high spectrum efficiency, large transmission capacity has become one of the research hotspots of high-bit-rate underwater acoustic communication.
Multilevel Differential Amplitude and Phase Shift Keying (MDAPSK) is proposed based on the differential ideas, which combines DASK and DPSK, having high bandwidth efficiency and high spectrum efficiency. Non-coherent demodulation is adapted in demodulation module, reduces the complexity of the system, avoids phase coherent demodulation fuzzy, and its realization is easier than coherent demodulation such as QAM and APSK. The coherent demodulation has large calculation to estimate the channel, making the complexity of the system increased, meanwhile, the pilot inserted into data stream makes the effective transmission rate reduced (Qin,2004) .
Based on the analysis of the basic principles of MDAPSK, this paper put MDAPSK technology combined with OFDM into underwater acoustic communication and verified the feasibility of this system through computer simulation. In order to improve its efficiency and reliability, the channel code is used, such as RS code, convolution code, etc. The simulation results proved that using channel code can get a low bit-error-rate.
OFDM Underwater Acoustic Communication System
Based on The MDAPSK and MQAM Receiver do coherent demodulation for received signal, the signal coherent demodulation demand to know each subcarrier channel in the phase and amplitude information, so channel transmission coefficient estimate must be got, increased the complexity of the system.
System of MQAM

System of MDAPSK
MDAPSK is a modulation combined with a differential amplitude (DASK) and differential phase (DPSK), phase and amplitude all carry information, which make full use of the signal space Since the amplitude modulation more sensitive than phase modulation for selective fading channel, in MDAPSK modulation we should distribute bit information carried by phase and amplitude reasonably to accomplish performance optimization. In this paper, we choose 64DAPSK combined by 4 bits input decision 16DPSK and 2 bits input decision 4DASK, the vector set S is (Qin,2006 and Yao,2005) ^,
In the formula, D is constant, to determine the modulation signal amplitude, optimizing the selection according to the state number and the modulation method, D =1.4 ĳ is modulation phase, ^2 U stands for amplitude information after differential modulation of the I-th symbols and the K-th sub-carrier signal,
In the formula, the relation of
U is shown in Table 1 : 
In OFDM system the protection interval is long enough, each channel can be independent with others, The receiving signal through the underwater channel can be set
In the formula, , , ,
is the spectrum of the channel, , i k N is Gaussian white noise.
Considering the slow time-varying characteristic of underwater acoustic channel, there is
The demodulation of 64DAPSK is realized by demodulate the amplitude and the phase respectively. Demodulate the phase information with the receiving signal , make the division between them, we have:
The quotient value is judged in accordance with the decision threshold, as shown in Table 2 . 
In this table,
By formula (8), (9) 
The Results of Computer Simulation
Simulation was carried out using Matlab, the simulation channel is underwater acoustic channel like Fig.3 and the noise is Gaussian white noise. The system parameters of OFDM are: sampling frequency is 48kHz, frequency range is between 6~9kHz, FFT modulation points are 4800, subcarrier number is 300, the length of cyclic prefix is 25ms The modulation modes are 64APSK, 64DAPSK and 64QAM, massive pilot adopt in 64APSK and 64QAM modulation, every 3 symbols insert a pilot. , it has nearly 1dB gap. Among them the effective data transfer rate of 64QAM, 64APSK is 9.6kbps, the effective data transfer rate of 64DAPSK is 14.4kbps. Figure 5 is the image transfer performance using different error correction code when SNR = 15dB, If choosing the error correction code of convolution code (2,1,9), the error rate of 64DAPSK can be reduced to zero when SNR>10dB.
The simulation results show that: bit error performance of 64DAPSK modulation is better than the same order of QAM modulation, the performance of modulation combined phase with amplitude superior to single phase or single amplitude modulation, which improves the utilization of bandwidth;
64DAPSK modulation mode does not need pilot, the effective transmission rate is higher than that of 64APSK and 64QAM. Differential modulation techniques can transfer more effective information in finite time, it also can reduce the complexity and computation of OFDM underwater acoustic communication system. In underwater acoustic channel, the BER performance of both 64APSK and 64QAM modulation depends on the quality of channel estimation, how many pilots used and where they inserted into can also affect BER performance. Characteristics of 64DAPSK modulation don't need channel estimation, as long as the guard interval is longer than the maximum multipath propagation, amplitude and phase are almost not affected by channel selection effect. Using channel code, the bit-error-rate can be reduce to 0 when the SNR is higher than 10dB, which can meet requirements of underwater acoustic communication, namely the short range, high signal to noise ratio under the conditions of high data transmission rate. Therefore, in the same environment, the same modulation order, the overall performance of DAPSK modulation is better than APSK and QAM.
Conclusion
This paper discussed the application of high order differential amplitude phase shift keying modulation in OFDM underwater acoustic communication system. It also analyzed the modulation performance of DAPSK, APSK and QAM with same order. The realization of a simple MDAPSK modulation technology has superior performance. The channel code used in the system has excellent performance, a low error rate, good decoding performance and can be easier to achieve the best codec.
The communication system combined with the OFDM technology can achieve high speed, reliable underwater acoustic communication, which will be more widely used in high speed wireless acoustic communication.
